We study the consequences of broader access to credit and capital markets on household decisions over the number of children. A model of the net reproduction rate is estimated on data from 78 countries over the period 1995-2010. Liquidity constraints are approximated by private credit and household credit, while opportunities for financial investment are measured by the domestic public debt. We use the Index of Financial Liberalisation (Abiad et al., 2009) as one of the instruments for the financial variables. We find that improved access to credit increases fertility with an elasticity of around 30%, while the effect of the development of capital markets is negative (−10%). The regression model takes the role of social security into account. Quantile regression shows that our results are robust to outliers and parameter heterogeneity.
Introduction
Fertility behaviour and financial development have seen dramatic changes in recent decades, both showing distinctive patterns: as financial development spreads worldwide, enhancing the possibility of credit and intertemporal trade for households and firms, fertility shows a clear downward trend which is cause for concern, especially in developed countries which will be facing decreasing populations in the near future. Do these two phenomena simply show a spurious temporal correlation or does one cause the other? Financial development may be one of the driving forces that change fertility behaviour. Raising children requires a significant transfer of parents' resources in the children's favour, which may be driven not only by altruism, but also by the expectation that some resources will be returned during the parents' old age: this exchange is not synchronous and requires coordination of individual actions that can be best achieved by means of specialised institutions. Since the basic function of financial markets is to facilitate intertemporal trade, making current consumption less dependent on current income, better organised and diversified financial markets would make such transfers easier and induce parents to have more children. Nevertheless, the development of financial markets reduces the demand for children for the purpose of receiving old age support. The impact of financial development on fertility is therefore undetermined and should be assessed empirically.
A glimpse at the figures involved can give an idea of the radical change that has taken place. At the world level, the fertility rate, i.e., the average number of children per woman over her lifetime, dropped from 4.91 in 1960-1965 to 2.56 in 2005-2008 , with large differences between country groups. While more developed regions recorded a decrease from 2.67 to 1.64, the rate in less developed countries has declined from 6.73 to 4.39. 1 Unlike fertility, financial development is a multifaceted phenomenon; many of its indicators also reveal a similarly striking trend. For example, the ratio of private credit to GDP has risen from 0.39 to 1.14 in high income countries and from 0.13 to 0.31 in LDCs. Similar patterns are followed by other financial variables whose values measure the breadth of opportunities for financial investment. 2 The transition from high to low fertility has been analysed in depth in the fields of economics and demography. In the literature, the onset of a demographic transition is often ascribed to the rise in income and education and to the reduction in mortality (Galor (2012) , surveys the literature). Indeed, increasing income brings about both the rise in the opportunity cost of raising children and an income effect which implies greater investment in the education of fewer children. Since the demographic transition often occurred during periods of sustained economic growth, it is argued that technological progress increased the incentive for human capital investment, causing a decline in fertility. Another important phenomenon that accompanied the fertility transition was the significant reduction in infant mortality. Whatever is the reason for having children, lower mortality should allow a smaller number of births.
Although other causes of the demographic transition have been investigated, to date no comprehensive analysis of the role of financial development has been performed. 3 The objective of this paper is to produce general and reliable evidence on the effects of borrowing constraints and opportunities for financial investment on the choice of the number of children.
To elucidate the channels through which financial development affects fertility, we introduce a four-period life-cycle model of choice in which fertility is endogenous and the household cares for its children and for its parents too. In this setting young adults might choose to borrow some resources and, when older, to save and invest in the capital market. We assume two main types of imperfections of financial markets (Pollin, 1997; McKinnon, 1973) : borrowing constraints -the difficulties encountered by individuals when trying to reach their optimal level of debt -and saving constraints, which pertain to the uneasiness encountered by individuals who wish to invest their savings in a private financial market. We show that in the context of fertility determination, this distinction has both theoretical relevance and a significant empirical counterpart. The model shows that the effect of relaxing the borrowing constraint on fertility depends on: (1) an investment effect, whose positive sign is due to the reduction of future resources and to a corresponding greater investment in children, and (2) an income effect. Hence, when children are normal goods in a household's preferences, fertility will unambiguously increase.
Broader access to capital markets allows parents to rely less on children to fund their old age welfare. Nonetheless, larger savings imply lower debt in the early years of adulthood: in this case the household will command a smaller amount of resources for consumption and children. Both effects imply that fertility decreases with greater opportunities for financial investment. 4 3 Cigno and Rosati (1992) investigate the effects of household access to capital markets on fertility in Italy, finding empirical support for a negative effect. Some evidence on this issue comes from the literature on microcredit programmes: these studies show some controversial effects of increased financial availability on fertility. Nonetheless, such financial empowerment programmes are generally aimed at very poor people living in LDCs; accordingly, the external validity of these studies is questionable. 4 The model characterises the main relations between financial markets and fertility choice which guide the econometric analysis, but it does not provide a general equilibrium interpretation of the phenomenon which would deal with the endogeneity of the financial system. Such a model would greatly complicate the analysis and is beyond the scope of the paper. However, in the econometric model we take into
In the econometric analysis we use a panel of 78 countries over the period 1995-2010 built by merging the data on fertility, social and economic indicators with those that describe the level of financial development and structure. Household access to the credit market is approximated by two variables: the ratio of private credit to GDP and the ratio of household credit to GDP. To capture the opportunities for financial investment we use the ratio of domestic public debt to GDP. Government bonds are characterised by low risk and significant supply even in economies where more sophisticated forms of financial investment are scant. Confirmation of this picture comes from data produced by Beck et al. (2010) who show that the market capitalization of public bonds has figures comparable with those of private bonds and stocks or life insurance premiums.
One of the main challenges we faced in the econometric analysis was the possible endogeneity of financial variables in the fertility equation. Demographic variables such as age are known to be important determinants of wealth allocation in the life cycle and of risk-taking attitudes. These effects would seriously undermine any attempt to estimate the causal effect of financial development on fertility. Here our approach is to apply instrumental variable methods. Indeed, we use the Index of Financial Liberalisation produced by Abiad et al. (2009) as instrumental variable for credit and saving availability. 5 This index focuses on financial markets and measures the extent of liberalisation with respect to credit controls and reserve requirements, interest rate controls, entry barriers, state ownership, policies on securities markets and banking regulations. It records the evolution of the institutions that directly and indirectly affect the development of financial markets.
Reasonably, since most of this change is due to policy interventions, it should be considered exogenous with respect to the dynamics of fertility.
Our empirical results indicate that both borrowing constraints and investment opportunities impact fertility, yet in opposite directions, as predicted by the theory.
The estimate of the elasticity of net fertility to private credit is positive and its value is around 32 per cent. The econometric results are confirmed when we use a better proxy of household borrowing constraints: the value of total claims of deposit money banks on households as ratio to GDP provided by Beck et al. (2012) for a cross-section of 44 countries over the period [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] . Using this variable in error components 2SLS regressions we find that the elasticity of net fertility to household credit takes values in the interval 0.2-0.3. The effect of domestic public debt on fertility can be quantified with an elasticity that takes negative values close to 12 per cent. These results were obtained with the estimation of a model that includes a proxy for the pension system, which is an alternative to the financial market in the allocation of saving. Robustness of the econometric results to the presence account the possible endogeneity of the proxies for borrowing and saving constraints.
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of outliers and to possible heterogeneity of the parameters across countries was checked by the estimation of a panel quantile regression. The results significantly confirm and reinforce the rest of our estimates. Quantile regression also highlights a stronger effect of borrowing in high fertility countries.
The full set of estimates highlights the importance of financial development for the explanation of fertility across the world. Indeed, the estimated elasticities take values comparable with those of other fundamental variables. The net effect of financial variables is positive since credit availability increases fertility much more than access to capital markets reduces it. Hence, our econometric analysis suggests financial development acted to curb the declining trend in reproduction which we observe in recent decades across the world.
The remainder of the paper is organized as follows: Section 2 surveys the theoretical and empirical literature on the impact of financial variables on fertility;
Section 3 describes the model determining household intertemporal allocation of income and fertility determination; Section 4 describes the empirical implementation of the theoretical model, specification and identification issues, the data used for estimation and the relative results; Section 5 discusses policy implications and concludes.
Literature review
In the economic literature, fertility behaviour is driven by selfish or altruistic motivations: adults can invest in children as an alternative to financial investment and public pension, or derive pleasure from children as durable consumption goods; alternatively, parents can be altruistic and caring about their children's well-being.
The models of the first type date back to the pioneering contribution of Leibenstein (1957) in which children, rather than being net consumers of family resources, actually increase their families' lifetime wealth. Although infants are completely dependent upon their family for their personal consumption, as they grow up they become capable of working and transferring income back to their families. As long as the value of resources returned by grown-up children exceeds the value of resources consumed as infants, fertility is a financially profitable trade from the standpoints of parents and children. Cigno (1993) analyses the model of an extended family where members are selfish and follow some self-enforcing family rules according to which the parents lend to the children and are paid back in old age. Hence, the family is a substitute for the financial market. When the demand for children depends on financial returns, the availability of alternative assets becomes crucial. When financial markets start providing assets which offer high returns, some families would drop fertility as an investment and turn to the market as the return on financial assets exceeds the return on children. This hypothesis of complete substitutability between children and financial assets may be found in the development economics literature (Willis, 1980; Schultz, 1974; Neher, 1971) and suggests that better access to financial markets and investment opportunities would invariably lead to a decrease in planned fertility.
Nonetheless, Razin and Sadka (1995) have shown that in a general equilibrium analysis financial deepening does not necessarily carry a drop in fertility. Introducing heterogeneity in preferences and technologies, as well as the basic equilibrium identity between aggregate saving and aggregate borrowing, financial trade opportunities allow some families to invest more in market assets and less in fertility, but at the same time other families must do the opposite, thus increasing fertility. The net balance between these competing forces may result in higher overall fertility.
A different and complementary view of the relation between financial development and fertility choice arises from models where it is generally assumed that parents are interested in children per se (Hotz et al., 1997; Becker and Barro, 1988; Willis, 1973; Becker and Lewis, 1973; Becker, 1960) and may find it profitable to borrow against the future in order to finance their children's consumption and investment in human capital. In this case, financial deepening and credit consumption availability may induce an increase in fertility.
The empirical literature provides just a few inquiries into this topic. Cigno and Rosati (1996) develop a model of joint determination of fertility and saving in which fertility behaviour can be driven by two mutually exclusive reasons: altruism or selfishness. In the first case, altruism in the utility function runs either backwards, from parents to children, or forwards from children to parents. In the second case, the impossibility of intertemporal trade and the decreasing value of human capital across time make fertility the only available technology for saving for the old age.
Using cointegration analysis on time series data for Germany, Italy, UK and USA, the authors find evidence compatible with the selfish motivation for fertility. Cigno and Rosati (1992) , employing cointegration analysis on Italian data, documents a negative effect of capital market accessibility on fertility in the long-run.
The variable selected to proxy for financial development is the inverse of the ratio of currency held by the non-bank public to bank deposits. Boldrin et al. (2005) calibrate a model of fertility with social security and financial market imperfections to reproduce the USA economy in 2000. They find that the elasticity of fertility to better access to capital markets is negative and significant. An alternative model by Scotese Lehr (1999) finds that financial intermediation can influence fertility in an indirect fashion. In an economy with two sectors -a traditional one with low capitalization and a modern one with high capitalization -an increase in the level of financial intermediation lowers the cost of capital, driving up wages in the modern sector. Households then reduce fertility as their members shift labour supply from the labour-intensive sector to the capital-intensive sector. Employing a reducedform VAR model with panel data on 87 countries from 1965 to 1980, Scotese Lehr finds that two measures of the extent of financial intermediation Granger-cause a drop in fertility. Specifically, the estimated elasticity of fertility with regard to the ratio of money to GDP is −7.7% and the elasticity with regard to the ratio of private credit to GDP is −5.7%.
The link between financial empowerment of women and fertility is also a subject of investigation in the literature on evaluation of microcredit programs, although in this regard the empirical evidence is inconclusive. Since most of such programmes target women, the additional financial resources provided tend to shift individual effort from childbearing to income-generating activities. At the same time, the wealth effect can increase the demand for children when these are normal goods. For example, some econometric studies of the Grameen Bank programme in Bangladesh (Steele et al., 2001; Schuler and Hashemi, 1994) observe an increased use of contraceptives resulting in lower fertility, while others (Pitt et al., 1999; Schuler et al., 1997) find that the impact of the same programme on contraceptive use is in fact negligible.
The literature surveyed in this section, while offering several competing perspectives on households' fertility behavior, so far has not provided a general framework for its analysis in the context of imperfect capital markets. More specifically, previous contributions failed to distinguish between borrowing constraints and limited access to capital markets (saving constraints). Though interlinked, these imperfections have distinctive features and differential effects on fertility. Borrowing constraints refer to the inability of households to receive their optimal level of loans from the financial sector: in this case, the observed level of households' debt is lower than optimal. Conversely, saving constraints refer to the insufficient ability of the financial sector to collect savings from households: in this case, it is the level of savings to be suboptimal, since its financial return is constrained to be too low. These two types of imperfections have different impact along the life cycle, as typically young families are net borrowers, whereas mature families are net lenders: accordingly, rational forward-looking fertility decisions must account for both im-
perfections. In what follows we aim to show that this overlooked distinction is crucial to understand the complex link between financial markets and households' fertility behavior.
Theory
The model represents the choices of a household over the life cycle as determined by altruistic relations in the family and by the trading relations with financial markets. We model intergenerational altruism assuming that parents care about the well-being of their children and their parents. Adults care about consumption of their children and fund it with transfers; similarly, grown-up children make gifts to their parents to sustain their old age consumption. This theoretical approach to altruistic preferences (Becker, 1974; Andreoni, 1989) is fairly general and widely adopted in the literature on the demand for children (Boldrin and Jones, 2002; Wigger, 1999; Nishimura and Zhang, 1992; Ehrlich and Lui, 1991; Eckstein and Wolpin, 1985) .
The time sequences of household expenditure and income over the life cycle imply the need to borrow resources in the first years of adulthood and the incentive to save and invest in the capital market later on. Capital markets can be perfect, meaning that households can borrow and save the optimal amounts consistent with their intertemporal budget constraint. Several forms of imperfections, nonetheless, may limit credit availability to households with significant consequences on their decisions. Similarly, opportunities for financial investment can be scarce in economies where property rights are not well enforced and informational asymmetries between lenders and borrowers are severe. This situation has been termed a savings constraint in the literature (Pollin, 1997) and refers to the adverse role on savings played by a low level of financial deepening (McKinnon, 1973; Shaw, 1973) . In this case, investing in children is an alternative to poor financial market conditions.
In what follows, for expository convenience, we first present the model with perfect financial markets, and then we turn to the distinct cases of borrowing constraints and limited access to capital markets. Though real economies often present both types of market imperfections, this expository strategy affords a better understanding of the consequences of each kind of market failure on fertility choice.
Timing and budget constraints
A household lives for four periods: it is young in the first, young adult in the second, adult in the third, and old in the fourth. Children are born during their parents' young adulthood and neither work nor have resources; they live with their parents who spend some resources to rear them. Young adults work and take care of their n t children during the first period of adulthood; they still work when adult and take care of their old parents; they retire when old. The choice problem starts in the second period of life and spans the three remaining periods. The life-cycle utility function of a household member who is a young adult at date t is:
where superscript denotes the period of life (0, 1, 2, 3), c 1 t is consumption during early adulthood, n t is the number of children, c 2 t+1 is consumption during late adulthood, c 3 t+2 is consumption during old age, and c 3 t+1 is consumption of the parents during their own old age. The functions v(·), u(·), g(·) are strictly concave and satisfy Inada conditions. Assuming that household utility is increasing in each argument, two of them represent altruism in the family: children (n t ) and old parents' consumption (c 3 t+1 ), implying forward and backward altruism, respectively. 6 During each period, choices are constrained by intertemporal and intratemporal requirements according to the following schedule:
• In the second period of their life (1) agents become adult and start working, get married, become parents, and use debt to finance their consumption and the cost of their children which includes consumption and other expenditures (e.g., education, health); they may face borrowing constraints. The budget constraint is:
where τ is the cost of raising one child as a share of the labour income, w 1 t , and D t is the amount of debt.
• In the third period (2) parents keep working, pay back their debt, and save for their own old age. In addition, they support their parents by transferring money to them. At the beginning of the same period, the children leave parental house and start working. The budget constraint is:
where w 2 t+1 is labour income, R t+1 ≡ 1 + r t+1 and r t+1 is the interest rate, q t+1 is a money transfer towards parents, and s t+1 is the value of saving.
During the same time period the agent's parents face the following budget constraint:
where q t+1 is the amount of transfers received by the parents from each child.
• In the fourth period (3) agents do not work because of their old age. They live on payments from previous financial investments and possibly from transfers from their children. The budget constraint is
where q t+2 is the amount of transfers received by parents from each child.
The optimal choice
The young adult optimisation programme consists in maximising the utility function (1) with respect to life-cycle consumption, the number of children, and parents' consumption, subject to the budget constraints (2)- (5). Following the literature (e.g., Lagerlöf (1997) ; Nishimura and Zhang (1992) ), we assume the household maximises the utility function, taking the future decisions of the children as given. The optimality conditions characterise the trade-off between the household's consumption in different ages. The adult also chooses the gift for her/his parent by equating the marginal increase of utility she/he derives from greater parent's consumption to the marginal utility cost, which is equally shared with siblings. Similarly, the optimal choice of the number of children follows from the balance between the marginal cost of a child in terms of utility and two marginal benefits: the first derives from greater child consumption and the second from the increase in parent's future consumption due to financial support. 7 By the same token, household optimal choices imply that the gross rate of return on children -the ratio between the value of the gift divided by the cost of a child net of the benefit in terms of current consumption -is equal to the rate of return on financial investment:
The model accounts for some of the most important features of adult life and highlights how they are affected by the financial markets. When these markets work perfectly, the optimal decisions of the parents can be fully realized. In this respect, further insights come from the comparative statics of n t with respect to some of the most important parameters. Proofs of the results are in the appendix.
The comparative statics effect of wages on fertility can be split into two parts.
The first represents the cost of children and is negative. The second part is a combination between the standard income effect (positive when children are normal goods) and the negative effect of income on the decision to invest in children.
Greater support from the children to the parents has two effects on fertility: q t+2 increases n t since it modifies the trade-off between marginal benefit and marginal cost of fertility by increasing the return from investing in children, while the same change in q t+2 has income effects which are similar to those already discussed.
An increase in the interest rate has several effects on n t . As the financial alterna-tive to investment in children yields a higher return, fertility becomes more costly.
In addition, the household faces stronger incentives to shift expenditure from current items, c 1 t , n t , to the future, c 2 t+1 , c 3 t+1 , c 3 t+2 . The income effect of the interest rate depends on the net financial position of the household, which can borrow more than the amount it saves, or just the opposite. The resulting effect depends on the balance between the two income effects we identified in the discussion of the effect of wages on fertility. Now, suppose that households cannot borrow against the future the desired amount of resources, since they undergo rationing in financial markets. This additional constraint prevents expenditure on children and consumption of young adults from exceeding the total amount of resources available during the first period of adulthood:
where D t is the highest amount of resources that can be borrowed, exogenously
given. The first order conditions for this problem resemble those found in the case without borrowing constraint. As shown in appendix, the influence of w 1 t on n t can be interpreted in terms of income and cost of children effects as in the case of perfect markets. The same can be said of the comparative statics effect of the gift q t+2 on n t . If the gift from each child increases, then parents can obtain the desired old-age consumption by raising fewer children.
Higher credit availability will impact on household fertility according to two causal effects. As the value of D grows -more credit is available to households -young parents command a greater amount of their future resources, and spend these resources on consumption and children. Since children are normal goods in household preferences then n t will increase. Furthermore, the same increase in D means less income available for consumption during retirement. Hence, the household will react by increasing investment in children, i.e., raising the number of children n t . 8 Both effects imply the sign of dn t dD t is positive.
Since children can also provide support for their retired parents, fertility becomes crucial in determining the optimal amount of saving. We analyse the model of household choice by assuming that the optimal desired value of saving s t+1 is higher than the ceiling s t+1 . Hence, adults face the following constraint:
which shows that both financial investment and children contribute to ensure old age consumption. When the savings constraint is binding while household borrowing is not restricted, the life cycle utility maximisation programme highlights the consequences of greater access to financial investment.
Again, the analysis of the effects of labour income on fertility can follow the lines of the preceding cases. The same can be said of the effects of q t+2 and R on n t . According to comparative statics, fertility decreases with s t+1 . Indeed, there is a trade-off between the investment in children and that in financial activities since greater financial investment opportunities reduce the need to raise children for old age consumption. Furthermore, given the intertemporal budget constraint, when s t+1 increases, young adults reduce their debt. As a result, their resources will be lower and fertility will drop.
In summary, our model suggests that improved access to credit induces households to have more children, while fertility unambiguously decreases with easier access to capital markets. 9 In the following, we search for econometric evidence consistent with these predictions of the model.
Empirical analysis
The econometric exercise is carried out to find evidence for an economically significant impact of financial markets on fertility behaviour. In our estimates we use an unbalanced panel of five-year time series covering the period 1995-2010 for a maximum number of countries equal to 78. We first introduce our empirical specification, then turn to data description, and finally show various estimates along with some robustness checks.
Model specification
Our theoretical model predicts that desired fertility should be responsive, in opposite directions, both to borrowing constraints and to opportunities to access the capital markets. This feature is peculiar to our approach, since the literature does not distinguish between different sources of imperfections in financial markets.
The focus of our analysis is the number of surviving children, and the dependent variable of the econometric model should correctly approximate for desired fertility. In many countries infant/child mortality is not negligible, and may cause a significant difference between the number of births and the number of surviving children. In this respect, the use of the total fertility rate should be accompanied by the inclusion of child mortality among the explanatory variables. However, mortality variables are generally considered endogenous to fertility. The literature on the effect of child mortality on fertility deals with endogeneity with the selection of instrumental variables useful to reduce the bias in parameter estimates. However, the search is arduous and there is no broad agreement on the proposed instrumental variables. Furthermore, the role of child mortality in the demographic transition has been questioned in the recent debate (Galor, 2012) . Indeed, theory clearly states that if parents appreciate surviving children, when mortality declines they reduce the number of births, leaving desired fertility unchanged. This could not be the case if survival were uncertain and parents had a precautionary demand for children. The evidence on the relevance of this theoretical hypothesis seems quite scant (Doepke (2005) ; Galor (2012)). In the context of this paper, the endogeneity of mortality would add to those of financial variables and per capita GDP, making the econometric analysis really hard. This is the main reason why we choose to In what follows, we assume that the parameters q t+2 and τ differ across countries, but stay constant across time for each country. From the empirical point of view, fertility choice is deeply intertwined with a large number of economic and social variables. Many of these variables are unobservable in the publicly available data collections while others are intrinsically non-dimensional, like those related to deeply rooted mental habits, cultural influences, religious traditions, and the like.
Given that these variables change only slowly, the fixed-effect panel estimator is the elective method of estimation. Accordingly, we formulate the empirical model:
where BOR is a vector of variables used to approximate the ease of access to borrowing, FIN is a vector of variables describing the development of investment opportunities in capital markets, X is a set of variables which account for the main determinants of fertility, u is a country-specific, time-unvarying, random variable potentially correlated with the explanatory variables, φ is a time effect, and ε is a scalar disturbance term with E[ε] = 0. The subscript i is for countries, while t is for time periods. Each time observation is the average of the value of a given variable over a non-overlapping five-year period. The set of controls X includes per capita GDP, female and male education, and the rate of urbanisation. 11 This set also includes a proxy of the availability of public pension programmes. Indeed, in many countries, governments provide elders with publicly funded pensions financed through a pay-as-you-go system. This intergenerational transfer is made up by taxation on youths and a corresponding transfer to elders. Public pension systems diminish the need to access private financial markets for old age support, resulting at least in a partial offset of freely-chosen savings. In this context, the inclusion of some measure of public pensions in eq. (9) could bring about a lower or negligible coefficient for private financial markets. Hence, the observed correlation between financial opportunities and fertility would simply mask a genuine causal relation running from public pensions to fertility. In our econometric analysis of crosscountry fertility, other important control variables are the public expenditure on children (CHILDRENEXP) (see, e.g., Borck and Wrohlich (2011) ) and the share of people who adhere to Catholic (CATHOLICS) and Islamic (MUSLIMS) religions.
Data on these variables refer to one time period only, and we use them in random effects IV estimates.
The hypothesis that financial variables are endogenous to the NRR is of paramount importance in model estimation. Indeed, the rate of population change modifies the age structure which is one of the determinants of the allocation of The process of financial liberalisation can be interpreted in a political economy framework where a policy reform can be favoured by some interest groups which face the opposition of other groups who gain more in the status quo (Burgoon et al., 2012) . In this context, the quality of political institutions affects the likelihood of reforms in financial markets. In the same framework, Rajan and Zingales (2003) show that the opposition to financial liberalisation can be weakened by openness to trade and to capital flows. We agree with Rajan and Zingales and use the ratio between foreign trade and GDP (TRADE) as an instrumental variable for credit constraints and access to financial investment. 
Data description
The dependent variable in our regressions is the net reproduction rate which we take from the United Nations, World Population Prospects 2010.
The econometric model includes the main determinants of fertility (e.g., Ehrlich
and Kim (2007) We use this better proxy for access to credit as a robustness check of our regression results.
To capture the degree of development of the other side of capital markets, namely financial investment, we use data on one of the most popular forms of investment: public bonds. Indeed, often countries where financial markets find the minimal conditions for their existence see the significant presence of assets issued by the public administration, as shown by Beck et al. (2010) . Actually, the supply of public bonds is favoured by the considerable size of state assets in every modern economy and the consequent low risk of default which attracts a wide public of risk-averse savers. The sustained and widespread growth of public expenditure worldwide after World War II was another major reason for the increase in the share of public bonds on financial markets. However, public bonds can also be sold to foreign institutions. Hence, external public debt cannot be used to approximate the range of financial investment opportunities available to domestic households.
We use the data from Panizza (2008) to obtain the ratio of domestic public debt held by residents to GDP (DEBT) for more than 100 countries in the years from 
Econometric Methods and Results
The model is estimated under different specifications and with different methods.
Specifications start from the basic equation, to which we add PRIVCRED and DEBT. We estimate a panel fixed effects model using OLS and two IV methods:
two-step Generalized Method of Moments (GMM) and Limited Information Maximum Likelihood (LIML). OLS, GMM and LIML adopt clustered by country robust
estimators of the standard errors of the model. 13 Table 4 presents the OLS fixed effects estimates of several models. Among the most important determinants of the net reproduction rate we find the ratio of private credit to GDP that shows a significant positive effect with an elasticity of 15%. The variables DEBT and SSECURITY have significant parameter estimates with a negative sign as expected. The estimate of the elasticity of NRR to DEBT is −5.1%.
The endogeneity of per capita GDP and the financial variables is addressed with IV estimates presented in Table 5 . GMM provides efficient parameter estimatesi.e., with minimum asymptotic variance -under general heteroskedasticity. The LIML estimator is a useful alternative because it is more robust to the presence of weak instruments (Stock and Yogo, 2005) , although it assumes i.i.d. errors. Table 5 shows the results of the estimation of the same specifications of Table 4 with GMM and LIML. Table 6 provides a large set of statistics useful for the evaluation of IV estimates. The results of the first-stage regression for the model with PRIVCRED and the model with DEBT are in Table 7 .
In the IV regression results, the basic model of fertility is confirmed and reinforced. Indeed, almost in every specification the schooling variables and the rate of urbanisation show significant and sizeable parameters. Per capita GDP confirms the minor role it displays in OLS estimates, which is not peculiar to this paper. The reliability of the results of IV estimation depends on several hypotheses which underlie the use of GMM and LIML methods. Table 6 presents the statistics of some tests of the general specification and the quality of instrumental variables.
The Sargan-Hansen J statistic is a general test of specification that under the null maintains the validity of the overidentifying restrictions. In the case of EC2SLS, this statistic also tests the hypothesis of random effects. The values of the J statistic in Table 6 show that the specifications cannot be rejected. Furthermore, a recent strand of the econometric literature highlights the risks involved in the use of ex-cluded instrument which are not strongly correlated with the endogenous variables.
Underidentification of an endogenous variable can be tested by the Angrist-Pischke chi-squared statistic (Angrist and Pischke, 2009) Table 6 , we find strong rejection of the null with respect to GDP, while PRIVCRED and DEBT often lead to the rejection of the weak IV hypothesis. In this respect, Table 6 displays the estimates of the Anderson-Rubin (Anderson and Rubin, 1949) test statistic that is robust to the use of weak instruments. The null hypothesis maintains the coefficients of the endogenous regressors are jointly equal to zero. The estimated values in Table 6 show that in most of the specifications the null cannot be accepted. The relevance of the instruments we use in estimates can be further appreciated with a glance at Table   7 that presents the first stage estimation results. In particular, FINREFORM and other IVs enter the equations with significant parameters, as expected.
One question which arises from the use of PRIVCRED as a proxy for household borrowing constraints is the inclusion of credit channelled to the business sector. Although both components of private credit probably display similar temporal trends and high cross-country correlation, the robustness of the results we obtained should be assessed through the use of data specific to household credit. In this regard, we consider data on household credit ( The complete econometric exercise not only highlights the importance of financial development for the choice of the number of children, but it also clarifies that the positive effect of released borrowing constraints exceeds the negative one due to more extensive access to capital markets. Hence, financial development does seem responsible for a check on the declining trend of fertility worldwide.
Quantile regression
The picture obtained by the preceding set of estimations provides evidence that financial development, proxied by PRIVCRED and DEBT, does play a role in the determination of fertility. Nonetheless, it may be of interest to check the robustness of our estimates to outliers and whether the size of the estimated effects carries over the whole distribution of fertility; this is also motivated by the prior that countries with high levels of fertility (typically those of the Sub-Saharan area) may react differently than those which already have transitioned to permanently low fertility because of unobserved variables. To address this issue, we employ a quantile regression estimator (Koenker, 2005) on our panel of countries and account for the fixed effect component using the two-step method suggested by Fitzenberger (2012): 1. we regress the net reproduction rate on the standard set of regressors, including two dummies for temporal effects, using a FE-OLS estimator; next, we subtract from the net reproduction rate the estimated fixed effect;
2. we perform quantile regressions of the resulting variable on the standard set of regressors. More generally, we find that the gradient of the effect of GDP is increasing across quantiles, going from 0.041 to a negligible −0.004 (p = 0.749): this suggests that the negative role of income on fertility is larger in countries with very low fertility, whereas this effect is very small in countries with very high fertility, probably because of the low degree of substitution between home-and market-produced goods and opportunities. In sum, the quantile regression approach suggests that the commonly observed negative relation between fertility and income is highly nonlinear and mediated by financial markets.
Final remarks
The objective of this paper was to investigate the role of financial market imperfections in determining fertility using international panel data. Our results appear useful to interpret the main trends observed in fertility in the world in recent years:
the declining number of children per woman is fundamentally caused by growing income and human capital and wider female participation in the labour force. During this period, households' indebtedness is known (Harvey, 2004) to have sharply increased while financial markets further developed with a burst of innovation.
According to our estimates, the development of financial markets has positively influenced the fertility rate. Indeed, household behaviour has led to a significant shift of resources in the life cycle from the later stages of adulthood to the earlier ones.
Greater debt has brought about an incentive to invest in children to compensate for the negative effects on old-age consumption. Broader access to financial investment has had an important income effect (negative) on fertility choice of young adults.
Hence, financial development exercised significant influence on the fertility choice of households but in two opposite directions. In this respect, our paper highlights the powerful connections between financial markets and fertility choices, substantially overlooked in the existing literature, with an aggregate cross-country perspective. Notes − Dependent variable: Log of net reproduction rate. Standard error in parentheses. Statistical significance asterisks: * = 10%, ** = 5%, *** = 1%. R t+1 R t+2 + c 3 t+1
where λ u is the Lagrange multiplier. Let us consider the comparative statics effect of life-cycle wages on fertility, (16): , and λ u . The second-order conditions for utility maximization imply that ∆ < 0 and ∆ 22 > 0. Hence, the sign of the income effect depends on ∆ 62 , whose expression is:
The strict concavity of the utility functions u(·) and g(·) implies that the sign of ∆ 62 depends on the sign of the expression in brackets on the second line of (17), which is made of the difference of two terms. The one in parentheses is positive when children are normal goods in the maximization of v (c the gift q t+2 on n t is given by:
The change in the number of children due to a change in the interest rate, assuming that R t = R t+1 = R, is given by
Given the sign of the cofactor ∆ 62 , the discussion of the effects of q t+2 and R on n t follows along the lines of section (3.2).
The model with saving constraints
Now we analyze the model of household choice by assuming that the optimal desired value of saving s t+1 is higher than the ceiling s t+1 . Accordingly, the maximization program becomes: max c 1
